Presentation of the Nephrology Quiz and Questionnaire (NQQ) 
Discussion of Case 1 (Question 1A)
The best answer is choice C. Infection with CMV remains an important cause of morbidity in solid organ kidney transplant recipients (1) (2) (3) . CMV is a member of the Herpesvirus group and shares with this family the characteristic ability to remain latent in the body over long periods of time (2) . Although CMV disease can result from an acute primary infection, most cases in transplantation reflect latent infections that are reactivated in the presence of immunosuppression. The risk of developing either CMV viremia or tissue-invasive disease after transplantation is influenced by the organ transplanted (lung, small intestines Ͼ pancreas, heart Ͼ liver, kidney) and by the intensity of immunosuppression. How-ever, the most important risk factor is a serologic mismatch between the donor and recipient in which the donor (D) has detectable IgG antibodies for CMV whereas the recipient (R) does not (i.e., Dϩ/RϪ) (see Table 1 ) (4) . In the absence of preventive therapy, CMV reactivation can occur in more than 75% of Dϩ/RϪ kidney transplant recipients (4) .
Preventive therapy for CMV consists either of a preemptive approach in which antiviral therapy is withheld until surveillance studies indicate the development of viremia or universal prophylaxis in which the patient is treated with an antiviral drug for some arbitrary period of time to prevent viral reactivation. Both approaches have proved to be effective in preventing CMV disease (5-7). However, only the prophylactic approach has proved to be beneficial in preventing some of the indirect effects of CMV infections, such as co-infections with other Herpes viruses and super-infections with bacteria or fungi (5) . The American Society of Transplantation's Infectious Disease Community of Practice now recommends universal prophylaxis for high-risk Dϩ/RϪ transplant recipients (8) .
For centers using universal prophylaxis, the choice of antiviral drugs and the duration of prophylactic therapy are subjects of some controversy. Oral valganciclovir has largely replaced intravenous or oral ganciclovir as the agent of choice. Valganciclovir is rapidly hydrolyzed to the active ganciclovir compound, exhibits substantially better oral bioavailability (9) , and proved to be noninferior to oral ganciclovir in a randomized trial in which the two drugs were used for 100 days (10) . More recently, to test the hypothesis that a longer duration of prophylaxis is beneficial in preventing CMV disease, the IMPACT trial randomized 320 Dϩ/RϪ kidney transplant recipients to either 100 or 200 days of prophylaxis with oral valganciclovir (900 mg/d, adjusted for renal function) (11) . The incidence of CMV disease 12 months after transplantation was 37% in the group randomized to 100 days of prophylaxis, and 17% in the group randomized to 200 days (P Ͻ 0.0001) (11) . Although these data suggest that a longer duration of prophylaxis is preferable for high-risk patients, the benefits of extended prophylaxis must be weighed against the cost and toxicities of antiviral therapy, as well as the likelihood that prolonged therapy will promote the emergence of ganciclovir resistance. Moreover, the design and conclusions of the IMPACT trial have recently been challenged (12) .
Regarding the incorrect answers to Question 1A: (A)The gastrointestinal tract is a known sanctuary for CMV infection. When the infection is isolated to involvement of the intestinal tract, the blood PCR may be negative in the early stages of the disease. (B) At one time, before the availability of effective antiviral drugs, CMV infection occurred most commonly in the first 3 months after transplantation. With preventive therapies, most cases occur well beyond the third post-transplant month. Indeed, many cases have been described years after transplantation (8) . (D) The patient was also a serologic mismatch for Epstein Barr virus (i.e., Dϩ/RϪ), putting her at high risk for early post-transplant lymphoproliferative disease. (E) Mycophenolate derivatives are a common cause of diarrhea and leukopenia, but are rarely a direct cause of bloody stools or fever.
Transplantation Question 1B
Presuming that the colonoscopy reveals CMV colitis, which of the following statements regarding treatment is MOST correct (Figure 2) ?
A. Because resistance to ganciclovir is likely, initial treatment should consist of foscarnet and CMV Ig, pending the results of cultures.
B. Treatment should consist of 4 to 6 weeks of intravenous ganciclovir, the exact duration depending on resolution of symptoms.
C. Treatment should consist of intravenous ganciclovir until serologic evidence for CMV has subsided. D. Treatment should consist of intravenous ganciclovir followed by oral valganciclovir once the patient's fever and bloody diarrhea have resolved.
(Note: This Question was not contained in the Program Director's Questionnaire.) (8, 14) .
Regarding the incorrect answers to Question 1B: (A) Ganciclovir resistance occurs in less than 3% of organ transplant recipients with CMV disease (15) . In the VICTOR trial, there was equal development of resistance in the intravenous ganciclovir and oral ganciclovir groups at 1 year (13) . Recent guidelines suggest that resistance should be considered and immunosuppression reduced, only after 2 weeks of adequate dosing with an unchanged or increasing viral load (14) . (B and C) Prolonged therapy with intravenous ganciclovir may be reasonable, but it is usually in patients with life-threatening disease and whenever oral absorption of valganciclovir is problematic, as is often the case in young children (8, 14) .
Transplantation Case 2: Donald E. Hricik
A 59-year-old man with ESRD from autosomal dominant polycystic kidney disease had a living donor kidney transplant from his haplo-identical brother 13 years ago. His current immunosuppression consists of cyclosporine (Neoral), generic mycophenolate mofetil (MMF), and prednisone. His transplant allowed him to return to a successful landscaping business. During the past 3 years, serum creatinine concentration gradually rose from 0.9 to 1.5 mg/dl, prompting a transplant renal biopsy 3 months ago, revealing interstitial fibrosis and tubular atrophy. Cyclosporine dose was reduced by 50%, but the serum creatinine has not changed. Recent laboratory studies have included a spot urine protein/creatinine ratio of 0.35 g protein/g creatinine. Estimated GFR is 42 ml/min per 1.73 m 2 . For the past 6 years, he has noted innumerable warts on his hands, arms, and face. During the same time period, his dermatologist has resected three basal cell carcinomas. He has required surgery for six squamous cell carcinomas involving his scalp, nose, left ear, and right hand-each resulting in significant disfigurement. Physical examination reveals multiple keratoses on the scalp, face, upper trunk, arms, and feet.
Transplantation Question 2A
Which ONE of the following changes in the patient's immunosuppressive regimen would be MOST helpful in dealing with the patient's clinical presentation (Figure 3) Choice D is the best answer for this patient who has two common post-transplant problems: (1) progressive deterioration of renal function with biopsy evidence of interstitial fibrosis and tubular atrophy (IFTA), and (2) multiple skin keratoses and nonmelanoma skin cancers. The importance of fibrosis per se, and of calcineurin inhibitor-induced fibrosis as a cause of renal allograft loss has become increasingly controversial. Nevertheless, it well known that these agents are commonly associated with IFTA (16) . Moreover, experience with extrarenal organ transplant recipients indicates that as many as 30% of such patients develop renal impairment that has been attributed primarily to this class of agents (17) . For kidney transplant recipients with renal dysfunction, the wisdom of conversion from calcineurin inhibitors to a mammalian target of rapamycin (mTOR) inhibitor (specifically sirolimus) was best assessed in the CONVERT trial in which 930 patients with abnormal allograft function were randomized in a 2:1 ratio either to convert from their calcineurin inhibitor to sirolimus or to remain on the calcineurin inhibitor (18) . Patients were stratified according to baseline estimated GFRs (Nankivell formula) of 20 to 40 ml/min or greater than 40 ml/min. Enrollment of patients into the former group was aborted because of an excess of adverse events including graft loss. Among the remaining 743 patients with baseline eGFRs Ͼ40ml/min/1.73m 2 , GFR increased significantly in patients who were randomized to the conversion group and who remained on therapy. Unexpectedly, this beneficial effect on GFR was not observed in patients exhibiting even modest proteinuria at baseline (18) . Thus, conversion from a calcineurin inhibitor to sirolimus appears to be most helpful to patients with a baseline eGFR Ͼ40ml/min/ 1.73m 2 and urine protein excretion less than 500 mg/d. Nonmelanoma skin cancers are the most common ma- lignancies experienced by kidney transplant recipients, occurring 50 to 200 times more frequently than in the general population. Nonrandomized studies as well as retrospective analyses of randomized trials have suggested that nonmelanoma skin cancers may be less common in transplant recipients treated with sirolimus-based immunosuppression than in control groups (18, 19) . In a recent multicenter German trial, 44 patients with multiple skin keratoses and skin cancers were randomized either to remain on conventional immunosuppression or to convert to sirolimus (20) . After 12 months, there was a significant improvement in keratosis scores and in the incidence of new skin cancers, providing some credibility for offering this conversion to patients plagued with recurrent skin cancers after transplantation.
Regarding the incorrect answers to Question 2A: (A and B) There have been no good studies comparing the incidence of skin cancers among patients taking mycophenolate mofetil versus azathioprine or mycophenolate sodium versus mycophenolate mofetil. Conversions between these agents would likely have little impact on the patient's renal dysfunction. (C) Corticosteroids actually exhibit some antineoplastic effects, and it is not clear if they increase or decrease the risk of skin cancer. Late withdrawal of prednisone certainly would not improve renal dysfunction and might even pose a risk of superimposed acute rejection. (E) Conversion from mycophenolate mofetil to sirolimus might provide a benefit in reducing subsequent skin cancers but would not likely lead to improved kidney function. Conversion from mycophenolate mofetil to sirolimus would leave the patient on cyclosporine and sirolimus, a combination that would have to be used with great caution as sirolimus tends to enhance the nephrotoxicity of cyclosporine.
Transplantation Question 2B
Which ONE of the following is the MOST likely consequence of the changes in his immunosuppression (Figure 4) ?
A. Decrease in LDL cholesterol B. Decrease in urine protein excretion C. Increase in fasting blood sugars D. Increase in the size of the cysts in his native kidneys E. Increase in hemoglobin concentration
Discussion of Case 2 (Question 2B)
The best answer is choice C. A number of studies in animals and humans suggest that the mTOR inhibitors can be diabetogenic (21-23), although the exact mechanisms remain to be elucidated. In one clinical study of patients being converted from cyclosporine to sirolimus, elimination of the calcineurin inhibitor and/or introduction of sirolimus was associated with a significant decrease in insulin sensitivity and a 30% increase in glucose intolerance (24). Fasting blood sugars or other parameters of glycemic control should be monitored when patients are converted to sirolimus. The mTOR inhibitors are associated with a variety of side effects (25). Metabolic and other complications of treatment with sirolimus are listed in Table 2 , which suffices to explain most of the wrong answers to Question 2B. Regarding answer D, the mTOR inhibitors (rapamycin) are not associated with an increase in the size of cysts of patients with polycystic kidney disease. If anything, these agents may reduce the size of cysts, but two recent trials have suggested no short-term benefit in retarding the progression of kidney disease in patients with adult polycystic disease (26,27).
Disclosures
None. 
Fluid and Electrolyte Case 1: Biff F. Palmer (Discussant)
A 51-year-old man is seen in the emergency room after developing a seizure attributed to hypoglycemia. The patient was well until 3 days ago when he noticed the onset of nausea and decreased appetite. One day later he developed unsteadiness of gait and complained he felt the room was spinning around him. There was one episode of emesis. On the day of admission he experienced a witnessed generalized tonic clonic seizure. Paramedics found him unarousable upon arrival. A serum glucose was measured at 23 mg/dl by fingerstick. After administration of two ampoules of 50% dextrose in water his mental status rapidly improved, and he was transported to the hospital. The past medical history is significant for type 2 diabetes mellitus, hypertension, psoriasis, and excessive alcohol intake (six beers daily) on weekends. His current medications include metformin 500 mg twice daily and losartan 100 mg every day. He had been training intensively for a 10K run over the last month. He applies Ben-Gay ointment and a heating pad over his lower extremities each evening after running due to nonspecific joint and muscle pain.
Physical examination shows a BP 110/72 mmHg, pulse 110 beats/min, and respiratory rate 26/min. There were skin changes typical of psoriasis on both elbows and knees. The remainder of the examination was normal. Upon completion of the physical examination, the patient was noted to become less arousable but quickly responded to an additional ampoule of 50% dextrose in water followed by a continuous infusion of 10% dextrose in water. Laboratory data obtained immediately after arrival to the emergency room are given in Table 1 .
Fluid and Electrolyte Question 1
Which ONE of the following disorders can BEST explain the clinical findings in this patient ( Figure 5) ?
A. Metformin toxicity B. Alcoholic ketoacidosis C. Diabetic ketoacidosis D. Salicylate toxicity E. Isopropyl alcohol ingestion
Discussion of Case 1 (Question 1)
The correct answer is D. The clinical presentation of refractory hypoglycemia in association with the mixed acid-base disturbance of respiratory alkalosis and anion gap metabolic acidosis best fits with a diagnosis of salicylate toxicity. Aspirin (acetylsalicylic acid) is one of the most widely available therapeutic agents and is associated with the largest number of accidental or intentional poisonings. Less well appreciated is the potential for topical preparations to be the source for toxic levels of salicylate. Methyl salicylate is found in many over-the-counter creams, ointments, and lotions that are used in the treatment of muscle aches and pains. The most potent form of methyl salicylate is oil of wintergreen, a liquid concentrate derived from wintergreen leaf fermentation or made synthetically. The oil is used medicinally in either herbal treatments or more traditional preparations. Oil of wintergreen contains 98% methyl salicylate and is highly toxic in its pure form. Ingestion of a teaspoon of the oil would be the equivalent of taking 22 adult 325-mg aspirin tablets. Whereas over-the-counter pain relief products contain a much lower percentage of methyl salicylate than is contained in the parent oil, their potential for causing toxicity is well documented (1, 2) .
The active ingredient found in Ben-Gay varies by product version. BenGay "original" contains 15% methyl salicylate, whereas extra strength and ultra strength contain 30% of the compound. One of the warnings on the BenGay label is to avoid using the cream with a heating pad. Application of heat to the skin can cause the cream to melt causing dispersion of the compound to areas of skin beyond where the cream was directly applied. Heat-induced opening of skin pores combined with the greater surface area of exposure will enhance systemic absorption thus predisposing to toxic levels of methyl salicylate. Systemic absorption is further enhanced if the cream should come in contact with skin where the integrity of the epithelium is compromised as in this patient with psoriasis. In this regard refractory hypoglycemia and other manifestation of salicylate toxicity are well described as a complication of topical salicylate therapy given to patients with a variety of skin disorders (3) (4) (5) .
Aspirin overdose is associated with a variety of acidbase and electrolyte disturbances. Salicylates have a direct stimulatory effect on the respiratory center such that respiratory alkalosis is a prominent feature in the overdose setting. An anion gap metabolic acidosis is also present due primarily to increased production and accumulation of ketoacids and lactic acid. Salicylic acid accumulation accounts for only a minor component of the increase in anion gap. Lactic acid production is increased due to the uncoupling effect of aspirin on oxidative phosphorylation in the mitochondria. Adult patients with aspirin overdose usually present with a mixture of respiratory alkalosis and anion gap metabolic acidosis as was the case in this patient.
A pure metabolic acidosis is unusual in adults. By contrast, children with aspirin overdose may present with an anion gap metabolic acidosis alone particularly soon after ingestion. Hypokalemia is the result of increased renal K ϩ excretion. Renal K ϩ wasting is the result of increased distal delivery of Na ϩ in combination with increased circulating aldosterone (secondary to volume depletion). Urinary Na ϩ excretion is increased due to urinary excretion of Na ϩ -salicylate as well as Na ϩ -keto-acids. The low urinary Cl Ϫ Osmolality 298 mOsm/kg, uric acid 1.5 mg/dl, ketones 1ϩ (undiluted) excretion reflects increased renal reabsorption of NaCl in response to contraction of extracellular fluid volume. With high-dose aspirin therapy or in the setting of an aspirin overdose, the renal excretion of uric acid is increased and hypouricemia may be present. In this setting, the hepatic glucuronidation of salicylic acid is saturated and large quantities of free salicylate are filtered into the tubule. Free salicylate interferes in the reabsorption of uric acid by the proximal tubule, accounting for the uricosuric effect (6) .
The clinical manifestations of salicylate intoxication usually begin with headache, tinnitus, and vertigo. More severe intoxication can lead to a noncardiogenic form of pulmonary edema (notice the decreased pO 2 in the case), hyperpyrexia, seizures, and coma. Neurologic toxicity can be exacerbated by the presence of systemic acidemia. In the setting of a low serum pH, a greater fraction of salicylic acid will exist in the unionized form. This form of the drug can readily cross the cell membrane, thus leading to increased intracellular concentrations in the brain. Hypoglycemia can be prominent and refractory to correction as it was in this case. Salicylic acid has been shown to increase insulin secretion, impair gluconeogenesis, and increase glucose consumption by uncoupling oxidative phosphorylation ( Figure 6 ).
In addition to conservative management, the initial goal of therapy is to correct systemic acidemia and to alkalinize the urine pH. By increasing systemic pH, the ionized fraction of salicylic acid will increase, and as a result there will be less accumulation of the drug in the central nervous system. Similarly, an alkaline urine pH will favor increased urinary excretion since the ionized fraction of the drug is poorly reabsorbed by the tubule. At serum concentrations of Ͼ80 mg/dl or in the setting of severe clinical toxicity, hemodialysis can be used to accelerate the removal of the drug from the body.
Metformin toxicity (choice A) can be associated with an anion gap metabolic acidosis due to lactic acidosis particularly when used in the setting of decreased renal function. However, the respiratory alkalosis and hypokalemia in this case are not features of metformin toxicity. In addition, hypoglycemia of this severity is not a complication of metformin when used as monotherapy. Metformin lowers plasma glucose primarily by decreasing hepatic glucose production as well as enhancing peripheral tissue uptake as opposed to stimulating endogenous insulin secretion.
Hypoglycemia is well described in alcoholics, typically occurring in the time period immediately after cessation of alcohol intake and in the setting where food intake is minimal. In addition, the presence of ketones in the blood and urine raise the possibility of alcoholic ketoacidosis (choice B). In this setting, however, an anion gap metabolic acidosis is the primary disturbance, whereas in this case respiratory alkalosis was most prominent. Furthermore, the findings of hypouricemia and the overall clinical presentation make alcohol ketoacidosis incorrect.
Isopropyl alcohol (choice E) is associated with positive testing for ketones in the blood and urine. However, the metabolism of this alcohol does not consume HCO 3 and is not associated with the development of metabolic acidosis. In addition, this disorder is associated with an increase in the osmolar gap due to the accumulation of acetone. Diabetic ketoacidosis (choice C) is not a consideration in this case given the lack of hyperglycemia.
Fluid and Electrolyte Case 2: Biff F. Palmer
A 32-year-old woman presents to the emergency room with a 2-day history of increasing generalized weakness that progressed to the point of not be able to stand without assistance. The patient is known to have bipolar disorder with episodes of depression and manic episodes for which she is treated with quetiapine 300 mg daily. Approximately 1 week ago risperidone was added to her regimen due to severe depression manifested as psychomotor retardation. One day before admission she had one episode of emesis but denied diarrhea. The past medical history is significant for peptic ulcer disease for which she takes pantoprazole. An accompanying family member states the patient has been taking a large quantity of an over-thecounter analgesic for chronic headache.
Inhibition of Krebs cycle dehydrogenases with subsequent decreased NADH production Energy produced from electron transport wasted as heat due to uncoupling of oxidative phosphorylation On physical examination: temperature 37°C, BP 116/78 mmHg, pulse 104 beats/min, and respiratory rate 20/min. Strength is noted to be symmetrically reduced in all extremities with proximal weakness greater than distal. The remainder of the exam is normal. The laboratory data are given in Table 2 .
Fluid and Electrolyte Question 2
Which ONE of the following disorders BEST accounts for the clinical findings in this patient (Figure 7) ?
A. Quetiapine toxicity B. Risperidone toxicity C. Ibuprofen toxicity D. Acetaminophen toxicity E. Pantoprazole toxicity
Discussion of Case 2 (Question 2)
The correct answer is C. This patient presents with progressive weakness in association with hypokalemic normal gap metabolic acidosis. This acid-base disturbance along with hypophosphatemia and glycosuria in the setting of a normal serum glucose concentration are consistent with generalized dysfunction of the proximal tubule or the Fanconi syndrome. Acute ingestion of large quantities of ibuprofen is the most likely cause of these abnormalities. The most common renal syndromes associated with use of nonsteroidal anti-inflammatory drugs (NSAIDs) are those that occur when normal doses are given to patients who have identifiable risk factors (7). For example, in patients with a low effective arterial blood volume vasodilatory prostaglandins serve to counterbalance the vasoconstrictor effects of effectors such as angiotensin II and sympathetic nerves. NSAIDs can precipitate a hemodynamic form of acute kidney injury in this setting. NSAIDs can worsen hyponatremia in the setting of high circulating levels of arginine vasopressin by inhibiting renal prostaglandins that normally antagonize the hydro-osmotic effect of arginine vasopressin. These drugs increase the risk for developing hyperkalemia particularly when given to patients with an impaired renin-angiotensin-aldosterone axis. Inhibition of renal prostaglandins cause decreased renin release from the juxta-glomerular cells in the kidney and therefore predispose to further drops in the downstream production of aldosterone. Tubulo-interstitial renal disease accompanied by the nephrotic syndrome is the one syndrome associated with NSAID use where an identifiable risk factor is not present.
In contrast to the renal syndromes that occur with normal doses of NSAIDs described above, there are several reports describing the development of severe hypokalemia, proximal renal tubular acidosis, and Fanconi syndrome in association with acute ingestion of large quantities of ibuprofen (Table 3) (8 -11) . In three cases Nurofen Plus tablets (200 mg ibuprofen and 12.8 codeine phosphate) was the source of ibuprofen (8 -10) . The degree of hypokalemia was severe, with serum K ϩ values ranging from 1.4 to 2.6 mEq/L. In each instance the abnormalities resolved over the course of several days after ingestion.
In addition to ibuprofen, aspirin overdose has also been associated with reversible proximal tubule dysfunction (12, 13) . In one case a 17-year-old girl took 25 tablets of aspirin (12.5 g acetylsalicylic acid) and 12 hours later was noted to have generalized proximal tubular dysfunction with normoglycemia, glycosuria, aminoaciduria, uricosuria, and normal gap metabolic acidosis. Interestingly, the serum K ϩ remained normal. 
